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The lipoids used as antigen in the Wassermann test are generally 
obtained by alcoholic extraction of beef heart muscle.  Because there 
is no uniform method of preparation, the efficiency of antigens from 
different laboratories or those made at  different times in  the same 
laboratory show wide variations. 
No matter how prepared, however, there are two important factors 
which determine the sensitivity of the extract obtained.  The higher 
the percentage content of active lipoid in an antigen, the more sensi- 
tive is the Wassermann test, i.e.,  the less "reagin" need be circulating 
in the blood in order to give a positive reaction.  The second and by 
far the more important factor is the amount of  cholesterol used to 
fortify ("sensitize")  the antigen. 
Cholesterol, although in itself inert, increases the sensitivity of the 
alcoholic  tissue  extract  enormously.  The  phenomenon  has  been 
explained in detail in a previous paper of this series (Eagle, 1930, b). 
An alcoholic solution of the antigen-lipoids alone, when dropped into 
water, forms a  barely opalescent colloidal suspension in which most 
of the particles are too small to be seen microscopically.  Cholesterol 
causes  a  coarser  dispersion; relatively few particles of much larger 
average size are obtained, each consisting of an inert core of cholesterol 
surrounded by a layer of antigen.  Such large particles have a much 
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greater tendency to combine with reagin, explaining the greater sensi- 
tivity of cholesterolized antigen in the Wassermann  test. 
It was shown that cholesterol, if it were sufficiently soluble,  could 
be used in as high a  concentration as 6 per cent and yet continue to 
increase  the  sensitivity  of  the  antigen-lipoids  by  this  mechanism 
(Eagle, 1930, b, Fig. 3).  The almost univers~[1 use of only 0.2 per cent 
cholesterol or less has neither theoretical nor practical  justification. 
As will be shown in a  later paper, providing that technical error can 
be excluded, the supposed danger of producing biologically false pos  i- 
tive tests if higher cholesterol concentrations are used does not exist. 
However, since the limit of its alcohol solubility is only about 0.6 per 
cent, even saturating the antigen with cholesterol does not exhaust the 
possibilities of sensitization. 
Because the coarse dispersion caused by cholesterol is the basis of 
its effect and is due solely to certain physical properties, it was pre- 
dicted (1) that many other water-insoluble, alcohol-soluble substances 
would have  the  same  effect;  and  (2)  that  if  these  substances  were 
sufficiently soluble in alcoh'ol, they might be used to replace or supple- 
ment cholesterol, with a  corresponding increase in the sensitivity of 
the antigen.  This prediction has been realized in the discovery that 
a  group of chemically unrelated substances have fortifying properties 
similar to those of cholesterol.  Their use has made possible the prep- 
aration  of an antigen which is much more  sensitive  than  any  now 
available. 
The Preparation of a Concentrated Antigen 
If dry powdered beef heart is extracted with alcohol, one  obtains 
a  deep yellow liquid which is highly anticomplementary, containing, 
along with the  active  lipoid, inactive  and  anticomplementary fatty 
acids, fats, soaps, etc.  It has therefore become customary either (1) 
to precede the alcohol extraction by repeated ether extractions, which 
remove practically  all  the interfering anticomplementary factors,  or 
(2) to precipitate the complex alcoholic extract with acetone, in which 
the  active lipoids are  insoluble, while most of  the  undesirable  sub- 
stances remain in solution.  As shown by the following experiments, 
however, both these methods of purification involve the loss of fully 
½ to ~ of the active lipoid (Protocol 1 and Table I). ttARR¥  EAGLE  607 
Protocol  1 
(a) A weighed quantity of antigen was extracted four times with three volumes 
of ether, each extraction lasting 10 minutes.  The combined filtrates were evapo- 
rated in the steam bath, and redissolved  in 95 per cent alcohol  (5 cc. per gram). 
The alcohol-insoluble  residue was discarded.  The dried residue remaining after 
the ether extractions was shaken with 95 per cent alcohol (5 co. per gram), and 
filtered after 3 days of room temperature.  The two alcoholic  solutions,  (1) of 
ether-soluble and  (2)  of ether-insoluble,  alcohol-soluble  lipoids were  compared 
for antigenic activity by diluting with 160 volumes of saline and determining the 
minimal quantity necessary to give a fixation with 0.1  cc. of a strongly positive 
syphilitic serum (Table I-a).  The figures in the body of the table indicate the 
per cent of complement fixation,  determined by a  method described elsewhere 
(Eagle,  1929; Eagle,  1930, a). 
TABLE  I 
Per cent of complement fixation by (a) ether-soluble and ether-insoluble and 
(b) alcohol-soluble  and acetone-insoluble beef heart lipoids with syphilitic serum. 
(See Protocol 1.) 
Figures in body of table represent per cent of complement fixation. 
1:150 dilution,  cc  ................................ 
ether-soluble lipoids  .............. 
a  ether-insoluble lipoids  ............ 
I  alcohol-soluble  lipoids  ............ 
b  acetone-insoluble  lipoi-ds  ........... 
0.4  0.2 
>90  >90 
>90  >90 
>90  >90 
>90  >90 
0.!  0.05 
75 
55 
>90 
4O 
0.025 
40 
.30 
65 
20 
Total 
antigenic 
activity 
peg Cent 
60 
40 
100 
25 
(b)  A weighed quantity of antigen was extracted for 3 days with five volumes of 
95 per cent alcohol.  Part of the filtrate was concentrated to one-fifth its volume, 
and precipitated with twenty volumes of acetone.  The precipitate was redissolved 
in the original volume of alcohol, and the loss in antigenic activity determined as 
outlined in Table I-b. 
One  short  extraction  (15  minutes)  with  five volumes of ether was 
found  to  suffice, removing more than 70 per cent  of  the  undesirable 
substances  and  less than  30 per  cent  of the active lipoid.  The dry 
residue was then extracted for 3 days with 95 per cent alcohol.  After 
filtration, a  certain amount  (about ~) of the extract remained on the 
moist powder.  This was recovered by washing with two portions of 
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and washings were then concentrated on the steam bath to a volume 
corresponding to 2.5  to 3  cc. per gram of powder originally used. 
The Fortification of the Lipoid Extract 
A.  Substitutes for Cholesterol.--As suggested in a  preceding paper, 
50  water-insoluble,  alcohol-soluble  substances  were  tested  for  their 
sensitizing  properties.  Of  these  ten  were  discarded  because  their 
alcoholic solutions, when dropped into NaC1 N/7  are colloidally dis- 
persed, and therefore do not have the desired effect.  Eight could not 
'0  -"  I .,. 
I/J/If  I 
O~ 
0  0.01  o.oz  0.03  0.04  ce. 
Syphili+Ic Serum. 
Fzo. 1.  The sensitizing action of mastic upon an alcoholic extract of beef heart. 
be used because the addition of antigen does not prevent their floccu- 
lation  when  dropped  into  saline,  either because  the  antigen  is  not 
adsorbed or because the substances in question have so pronounced 
a  tendency to aggregate that an incomplete film of antigen does not 
sufficiently protect.  Some  very  active  sensitizing  agents  fall  into 
this latter group  (palmitic acid,  /%naphthyl  acetate,  etc.),  but  the 
presence of coarse aggregates precludes their use in the Wassermann 
reaction. 
Thirty-two  substances  remained  to  be  tested.  All  flocculate 
spontaneously when the alcoholic solution is dropped into NaCI N/7; HARRY  EAGLE  609 
but when they are dissolved in the fuid containing the antigen and 
the mixture is dropped into  an  excess of saline,  they form a  stable 
colloidal  suspension.  As  shown  by  the  greater  turbidity  and  the 
enormously large  number  of  microscopically visible  particles,  these 
substances all cause a  coarsened dispersion of antigen.  Since this is 
the mechanism of  the  cholesterol effect,  all  these substances  should 
fortify the antigen.  A single protocol is given in detail.  (Protocol 2, 
Fig.  1.) 
Protocol 2 
A series of antigens were prepared as outlined below, each containing  It per 
cent of antigen lipoids, but varying quantities of gum mastic. 
3 per cent antigen in alcohol, c¢  ...................  1  1  1  1  1 
2 per cent gum mastic in alcohol, cc  ...............  0  O. I  O. 2  O. 4  O. 8 
Alcohol, cc  .....................................  1  O. 9  O. 8  O. 6  O. 2 
A 1  : 40 dilution of each was used as antigen in a quantitative complement  fixa- 
tion test with a strongly positive syphilitic serum by a method described else- 
where (Eagle, 1930, a) The results are summarized in Fig.  1. 
All but  three of the  substances  tested had a  qualitatively  similar 
effect to that of gum mastic as just described, sensitizing antigen so 
that less reagin is necessary to give a positive Wassermann reaction. 
They are grouped in Table II in the order of their sensitizing efficiency. 
Although cholesterol is the best sensitizer, at least five of the sub- 
stances tested  (sitosterol, gum thus, safrole,  diphenyl, and dimethyl- 
naphthylarnine)  approximate  to  it  so  closely  (75  to  90  per  cent)in 
this  particular  as  to be of practical  importance. 
B.  Optimum  Quantity  of  Sensitizer  to  Be  Added.--As  shown  in 
Fig.  1,  the efficiency of an antigen increases almost indefinitely with 
the quantity of sensitizer; but there are three limiting factors to the 
amount which can be added.  (1)  The first is the anticomplementary 
action of the sensitizer, most marked with gum thus, and safrole, but 
relatively  unimportant  with  cholesterol,  sitosterol,  diphenyl,  or 
dimethylnaphthylamine.  (2)  The  second is the fact that  an  excess 
of sensitizer causes visible flocculation when the antigen is diluted with 
saline.  The exact value of this stability threshold depends, not only 610  SEROLOGY OF  SYPHILIS.  IV 
on the substance, but also upon the concentration of the antigen lipoids 
and upon the amount of saline used in diluting.  Although diphenyl 
has the peculiarity of causing a slow fine aggregation even in very small 
concentrations,  its use is not thereby precluded; the antigen-diphenyl 
particles are not large enough to sediment, and the suspension remains 
stable and  uniform for hours.  (3)  Finally,  when  antigen  is diluted 
with  saline  for use in  the  Wassermann  test,  it  forms  a  suspension 
the opacity (turbidity) of which is determined almost entirely by the 
amount  of sensitizer  used.  (Eagle,  1930,  b,  Fig.  1.)  Too  strongly 
TABLE II 
Sensitizing  E ficiency  of the Various  Alcohol-Soluble, Water-Insoluble  Substances 
Tested 
Slight  Fair  Very  good 
Gum guaiac 
Gum sandarac 
Salol 
Gum shellac 
Resin 
Benzoin 
Terpineol 
Benzil 
p-iodobenzene 
Ethyl-m-nitrobenzoate 
/~-Chloronaphthalene 
Triphenyl phosphine 
a-naphthonitrile 
p-nitrobromobenzene 
Ethyl palmitate 
p-Bromotoluene 
Gum balsam 
Gum copal 
Gum mastic 
Gum elemi 
Tolu balsam 
Benzophenone 
Aurin 
Cholesterol 
Sitosterol 
Gum thus 
Safrole 
Diphenyl 
Dimethyl naphthylamine 
Methyl stearate 
Methyl palmitate 
sensitized  an  antigen  forms  so opaque  a  dilution  as  to  obscure  the 
results of hemolysis. 
The best of these newly discovered sensitizers is sitosterol, a  sterol 
obtained from the non-saponifiable fraction  of wheat germ.  Its use 
in  conjunction  with  cholesterol  has  been  found  to  provide  ample 
sensitization.  None of the  other substances is quite as active,  and 
some,  notably g~m  thus  and  dimethylnaphthylamine,  cause  a  slow 
chemical change m  the antigen  preventing  their  use in high  concen- 
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Omitting the details of the preliminary orienting experiments, the 
following is the method finally  decided upon: 
To the basic  extract  prepared  as  described under the preparation 
of a  concentrated antigen are added 0.8 per cent cholesterol, and 0.6 
per  cent  sitosterol.  These  are  dissolved by  boiling,  and  the  excess 
which  crystallizes  out  upon  cooling is  redissolved just  before  using 
by immersing for a few minutes in a 56°C. bath.  So sensitized, there 
is no flocculation in as high as 1 : 10 concentration when the antigen is 
diluted ~rith saline.  Although the  colloidal suspension thus  formed 
is  milky white,  the  opacity  disappears  almost  completely upon  the 
addition  of complement and  serum,  possibly  owing to  dispersion of 
fine aggregates by the serum protein acting as a  protective peptizing 
colloid.  Finally,  as  will  be  shown  in  the  next  section,  despite  its 
concentration,  and  despite the large quantities of added substances, 
the quantity of antigen used in the test is only a  fraction of its anti- 
complementary titre, eliminating any possibility of a technical falsely 
positive result. 
The Concentrated CholesteroI-Sitosterol-Antigen in Practice 
Containing as it does some two to three times as much active anti- 
genic lipoids,  (2  to  3  per  cent),  and  four  to  sixteen  times  as  much 
sensitizing material  (1.4  per cent)  as most of the Wassermann  anti- 
gens now in use, the antigen just described should a  priori be many 
times as sensitive. 
The quantity recommended for use in the test depends upon the quantities of 
the other reagents, as well as  the time and temperature of incubation.  With 
0.2 cc. of 1 : 10 complement and 0.2 cc. of the serum to be tested (whole or diluted), 
one uses 0.2 cc. of the antigen, diluted 1 : 40 in saline far water bath incubation 
(37  ° for ½ hour) and 1:120 for ice box fixation (8  ° for 16 to 24 hours).  These 
quantities are t and t the anticomplementary  unit of the antigen, respectively, a 
very wide margin of safety. 
It has been pointed out elsewhere (Eagle, 1930, b) that the term anti- 
gen unit has no real significance; the minimal fixing quantity depends 
upon the titre of the syphilitic serum used in its titration.  Qualita- 
tively, however, the quantities of antigen recommended are 25 to 50 
times this minimal fixing quantity, an  index of the  sensitivity of the 
test.  Indeed, the Wassermann reaction, carried out with this antigen, 612  SEROLOGY  OF  SYPHILIS.  IV 
appears to be one of the most sensitive of biological tests.  A 1" 10,000 
dilution of the antigen sufficed to give 4+ fixation with a very strongly 
1  1  2.5 
positive serum: i.e., 10,000  x g x  100  -  0.0000005  gin. of beef heart 
lipoid su~ced to detect syphilitic reagin. 
A comparison with other antigens is best obtained, not by a labori- 
ous evaluation of the results in  some thousands of cases,  but  by a 
quantitative comparison by the simple technique outlined in Protocol 
3 and Table III, determining (a) the dilution in which a given syphilitic 
serum is still positive with a  fixed quantity of antigen, and  (b)  the 
quantity of antigen necessary to give fixation with a constant quantity 
of syphilitic serum. 
Protocol  3 
(a)  Decreasing quantifies of an inactivated  positive syphilitic serum were made 
up to a constant volume with normal inactivated serum, forming a series of sera 
of decreasing positivity. 
Syphilitic  serum,  cc  ..................  I  4  [  2  I  I  I  0.5  [0.25[0.125 
....................  I  01  2  I  3  13"S13"TS13"775 
7 
0.062 
3.9 
0.2 cc. portions of each mixture were incubated with 0.2 cc. of each of the anti- 
gens listed in Table III, and 0.2 cc. of complement 1  : 10 for 16 hours at 8°C., after 
which the indicator system was added (sheep cells sensitized with four units  of 
amboceptor).  The figures in the body of Table III indicate the traditional  de- 
grees of fixation (4 = no hemolysis: 0 =  complete hemolysis). 
(b)  0.05 cc. of a strongly positive serum was incubated with complement and 
decreasing quantities of the various antigens listed in Table III, Section b. 
It is  evident that the antigen recommended is far more sensitive 
than any of the others tested. 
It  is  characteristic of  the  confusion which  surrounds  the  whole 
subject of the Wassermann reaction that the particular advantage of 
this  antigen lies in  just  that fact which has  been  so  often warned 
against as a  dangerous procedure leading to false positives, namely, 
excessive  sensitization.  Because  of  this  supposed  danger,  choles- 
terol is almost never used in concentration greater than 0.2  per cent. HARRY  EAGLE  613 
Yet this antigen, containing four to six times as much sensitizer (1.4 
per cent)  as antigens currently used,  does not give any more false 
positives than the usual Wassermann antigen.  The question of the 
falsely  positive  Wassermann  will  be  considered  in  a  forthcoming 
paper. 
TABLE  II1 
Comparative Sensitivity of Various Antigens 
(u) Tested by minimal fixing quantity of a positive serum 
Antigen used 
1;  Non-cholesterolized  ether-insoluble,  alcohol° 
soluble  .................................. 
2.  Ether-insoluble, alcohol-soluble  -t- 0.2 per cent 
cholesterol  ............................... 
3.  Ether-insoluble,  alcohol-soluble -I- 0.6 per cent 
cholesterol.. : ............................. 
4.  Concentrated antigen, supersaturated with chol- 
esterol and sitosterol ...................... 
5.  Acetone-insoluble: no cholesterol  .............. 
Dilution of positive serum in negative 
1:2  1:4 
2  0 
4  2 
4  4 
4  4 
0  0 
1:8  1  1:16 
olo 
ol  o  | 
o  o 
4  0 
0  0 
(b) Tested by minimal fixing quantity of antigen 
Dilution of  antigen  in saline 
Antigen used 
1:5120  1:40  ]  1:~  1:160  I  1:320  I  1:640  1:12~  1:2560 
I  I  I 
4121210101010 
4  ]  4  [  4  ]  4  ]  0  ]  0  [  0 
4  [  4  ]  4  I  4  [  2  I  0  [  0 
4]41414141210 
2  [  2  [  0  I  0  ]  0  I  0  [  0 
SUMMARY  AND  DISCUSSION 
The discovery (1) that there are many substances with the sensitiz- 
ing properties hitherto believed peculiar to cholesterol and its deriva- 
tives, and  (2)  that sensitizer can be added to antigen in very large 
quantities,  many  times  those  currently used,  and  yet  continue to 
increase its  complement-fixing efficiency  with  no  danger  of  giving 
falsely positive tests has made possible the preparation of an antigen 614  SEROLOGY OF  SYPHILIS.  IV 
much more sensitive  than  any now available for use in  the  Wasser- 
mann  reaction. 
100 gm. of dry powdered beef heart muscle are extracted with 500 cc. ether for 
15 minutes at 37°C. with shaking.  After filtration with suction, the ether filtrate 
is discarded.  The powder is then dried and extracted for 3 to 5 days with 500 cc. 
of 95 per cent alcohol,  with intermittent shaking.  The mixture is filtered, and 
the moist powder washed on the filter paper with two portions of alcohol,  each 
100 cc.  The alcoholic filtrate and washings  are combined and evaporated on the 
steam bath down to 250 to 300 cc.  Cholesterol (0.8 per cent), and sitosterol (0.6 
per cent) are then added, and dissolved at 65°-75°C.  The excess sensitizer which 
crystallizes out  upon  cooling  is  dissolved just  before using  by immersing the 
antigen in a  56°C. bath for a  few minutes.  It is diluted by pouring the saline 
rapidly into the antigen.  A 1:40 dilution is recommended for use in water bath 
fixation (½ hour at 37°C.),  as well as for the short ice box fixation (8  °, 4 hours) and 
a 1 : 120 dilution for use in the overnight ice box method (16 to 24 hours at 8°C.), 
as being well beyond its anticomplementary range; the anticomplementary quan- 
tities being 1:5 and  1:25 respectively. 
There  is  reason  to  believe  that  this  antigen  possesses  almost  the 
maximum sensitivity obtainable.  The method of preparation insures 
its  being  almost  saturated  with  antigen-lipoids;  and  more  sensitizer 
could not be added without increasing the turbidity of its dilution  in 
saline to a point where it would interfere with the reading of hemoly- 
sis.  Any  further  improvement must  await  the  discovery of  better 
sensitizers. 
Preliminary experiments indicate that this new sensitizer, sitosterol, 
will  find  an  immediate  application,  not  only  in  the  Wassermann 
reaction, but also in a  more sensitive flocculation test to be described 
in  a  following  paper. 
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